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Preliminary Assessment of a Novel Watchstanding Schedule for a Crew 
on a Small Surface Combatant of the United States Navy 
 
Panagiotis Matsangas and Nita Lewis Shattuck 
Operations Research Department, Naval Postgraduate School, Monterey, CA 
 
We assessed the utility of a fixed, 3-section, watchstanding schedule in a small surface combatant of the 
United States Navy. Sailors on the “5 hrs-daytime/3 hrs-nighttime” or “D5/N3” schedule stood two watches 
every day, one a 5-hour daytime shift and one a 3-hour nighttime shift. Crewmembers (N = 27) completed 
a questionnaire while the ship was underway to assess the utility and the crew’s acceptance of the D5/N3. 
Crewmembers reported sleeping 5.6 ± 1.3 hours daily. The average PSQI Global score was 8.3 ± 3.5, with 
~81% of the participants identified as “poor sleepers.” Approximately 94% of the respondents noted that 
the D5/N3 was either better (53%) or the same (41%) compared to their previous watch schedule. The 
predictability of the daily schedule, the ability to plan daily activities, the adequacy of time to complete 
watch duties, the availability of time for off-watch duties/shipboard-departmental qualifications, and higher 
alertness/better ability to focus were considered the strengths of the D5/N3. Overall, the D5/N3 has the 
potential to be a useful alternative to existing 3-section watch standing schedules in terms of crew alertness 
levels, acceptance by the crewmembers, and workload management when working in a Navy vessel. 
Because it is a novel schedule, however, more effort should be focused on how to best implement the 





Multiple factors affect the quantity and quality of sleep 
obtained by members of the military (Troxel et al., 2015). 
Extended work hours, unscheduled operational demands and 
responsibilities (Shattuck & Matsangas, 2016b), reduced 
manning, and stress are some of the factors which contribute 
to the sleep debt and degraded alertness observed in much of 
the military population (Miller, Matsangas, & Kenney, 2012; 
Miller, Matsangas, & Shattuck, 2008; Shattuck, Matsangas, & 
Dahlman, 2018; Shattuck, Matsangas, Mysliwiec, & Creamer, 
2019). Therefore, the optimization of watchstanding schedules 
to increase crewmembers’ performance/alertness levels, to 
improve safety, and to reduce risk is of critical importance 
(Comprehensive review of recent surface force incidents, 
2017) and has been the focus of ongoing investigations by 
researchers at the Naval Postgraduate School NPS. 
The NPS Crew Endurance Team was contacted by the 
Commanding Officer of the USS DETROIT (LCS-7), to 
assess a novel 3-section Day-5/Night-3 (D5/N3) 
watchstanding schedule while the ship was underway. USS 
DETROIT (LCS-7) is a Freedom-class littoral combat ship 
(3,900 tons) with ~45 crewmembers. This study focused on 
crewmembers’ reported sleep amount and quality, berthing 
conditions, acceptance by the crewmembers, and predicted 
effectiveness. 
This work is part of a multi-year project at NPS to assess 
traditional and novel watchstanding schedules used at sea and 
to provide recommendations to USN leadership (Brown, 
Matsangas, & Shattuck, 2015; Shattuck & Matsangas, 2014, 
2015b, 2015c; Shattuck, Matsangas, & Brown, 2015; 







Participants were 27 crewmembers of the USS DETROIT 
– LCS-7 (on average 33 ± 5 years of age, 24 males, 19 
Enlisted personnel and 8 Officers) from three departments on 
the ship: Combat Systems (13, 48%), Operations (8, 30%), 
and Engineering (6, 22%). The questionnaire response rate for 
the questionnaire ~60%. All participants worked in the D5/N3 
schedule. 
 
The D5/N3 Watchstanding Schedule 
 
Crewmembers on the D5/N5 watchstanding schedule stand 
watch for two shifts each day, a 5-hour shift during the 
daytime hours and a 3-hour shift during nighttime (Figure 1). 
The two shifts are 6 to 8 hours apart, depending on the watch 
section. Crewmembers are assigned to stand watch in one of 
three watch sections (WS): WS 1 (0700 to 1200 and 2200 to 
0100), WS 2 (1200-1700 and 0100-0400), and WS 3 (1700-
2200 and 0400-0700). An important characteristic of the 
D5/N3 watchbill is that an individual’s daily schedule is fixed 




Figure 1. D5/N3 Watchbill Layout 
 
Conceptually, the design of the D5/N3 is based on two 





















































































































circadian rhythms are aligned to the local 24-hour day of the 
ship. Human performance has been shown to suffer most 
during the large circadian nadir that occurs during night time 
and in the early hours of the morning – or while working night 
shifts (Carrier & Monk, 2000). Under this reasoning, it is 
better to work shorter night shifts with longer shifts occurring 
during daylight hours. The second principle is that Sailor 
performance is better when working on fixed rather than 
rotating shifts (Arendt, Middleton, Williams, Francis, & Luke, 
2006). Multiple studies conducted by the Naval Postgraduate 
School Crew Endurance Team have shown that fixed 
watchbills are superior to rotating watchbills, yielding 
improvements in alertness levels and psychomotor vigilance 
performance, and reductions in insomnia symptoms and 
fatigue, (Brown et al., 2015; Matsangas & Shattuck, 2016; 
Shattuck & Matsangas, 2015a, 2015b, 2015c; Shattuck, 
Matsangas, & Brown, 2015; Shattuck, Matsangas, & Powley, 
2015; Shattuck, Matsangas, et al., 2014; Shattuck, Waggoner, 
Young, Smith, & Matsangas, 2014). 
 
Equipment and Instruments 
 
The study questionnaire included questions about 
demographics, sleep-related issues, the utility and acceptance 
of the D5/N3 schedule, and one standardized questionnaire 
pertaining to sleep quality. Questions included age, gender, 
rate/rank, department, years on active duty, factors affecting 
sleep, type and frequency of caffeinated beverage use (e.g., 
tea, coffee, soft drinks, energy drinks), tobacco use, the type 
and frequency of an exercise routine, and use of prescription 
and over the counter medications. 
Participants were asked to indicate whether they stood 
watch since the last port visit, their watchstanding schedule, 
the adequacy of their own and their peers’ sleep (5-point 
Likert scale: “Much less than needed”; “Less than needed”; 
“About right”; “More than needed”; “Much more than 
needed”). They were also asked to compare their workload 
during the data collection period with their normal workload at 
their assigned duty station (5-point Likert scale: “Much less 
than usual,” “Less than usual”; “About the same”; “More than 
usual”; “Much more than usual”). The study questionnaire 
also included two open-ended questions (“What did you like 
most about your current watch schedule?” and “What did you 
like least about your current watch schedule?”) 
Sleep quality was assessed by the Pittsburg Sleep Quality 
Index (PSQI) (Buysse, Reynolds III, Monk, Berman, & 
Kupfer, 1989). Crewmembers also used a 3-point Likert scale 




The Naval Postgraduate School Institutional Review Board 
determined the study to be non-human subject research 
(Determination 2017.0033-DD-N and 2017.0168-DD-N). Data 
were collected in January 2016 from crewmembers working 
on the D5/N3 schedule for approximately two weeks while the 
ship was underway. Before using the D5/N3, most 
crewmembers were working on the 6hrs-on/6hrs-off (“port 
and starboard”) or the 5hrs-on/10hrs-off (“five and dime”) 





Statistical analysis was conducted with a commercial 
statistical software package (JMP Pro 14; SAS Institute; Cary, 
NC). Due to the small number of respondents, comparisons 
were based on nonparametric methods. Specifically, we used 
the Dunn method for joint ranks and Fisher’s Exact test for 
multiple comparisons. The criterion for statistical significance 
was set at p = 0.05. Data are presented as mean (M) ± standard 
deviation (SD).  
First, all variables underwent descriptive statistical 
analysis to describe the demographic characteristics of the 
study population. Next, we assessed factors affecting Sailor 
sleep, consumption of caffeinated beverages, use of tobacco 
products, use of medications, reported sleep amount, 





Of the 27 crewmembers who participated in the study, 7 
(27%) stood watch on WS 1 (0700-1200, 2200-0100), 10 
(38%) on WS 2 (1200-1700, 0100-0400), and 9 (35%) on WS 
3 (1700-2200, 0400-0700).  
Approximately 85% of the participants indicated drinking 
some type of caffeinated beverage. Coffee was the most 
frequent used beverage (59% of the participants drinking on 
average 2 cups per day – median value), followed by tea (26% 
of the participants drinking on average 1.5 servings per day – 
median value), soft drinks (~19% of the participants drinking 
on average 2 servings per day – median value), and energy 
drinks (~11% of the participants drinking on average 1 serving 
per day – median value). Six participants (~22%) reported 
using tobacco products. Approximately 52% (n = 14) of the 
participants reported exercising from 2 to 6 times per week 
(median = 3), with a median duration of one hour. 
Sailors reported sleeping on average 5.55 ± 1.29 hours per 
day while underway. Reported sleep amount did not differ 
between watch sections (Dunn test for joint ranks, all p>0.85). 
Approximately 56% of the crewmembers were satisfied 
with their sleep amount, whereas 44% found their sleep 
amount less than what they needed. Further analysis showed 
that satisfaction differed between watch sections (Fisher’s 
Exact test, p = 0.026). Specifically, ~89% of the Sailors on 
WS 3 (that is, standing watch 1700 to 2200 and 0400 to 0700) 
reported that the sleep they received since the last port visit 
was about right. In contrast, only ~43% of the Sailors on WS 1 
(0700-1200, 2200-0100) and 30% of the Sailors on WS 2 
(1200-1700, 0100-0400) found their sleep adequate (“about 
right”). The sleep of other Sailors was rated as less or much 
less than needed (68%), compared to “about right” (32%). 
Approximately 63% of the participants reported that their 
workload during this underway was about the same as usual, 
11% reported less or much less workload, and 30% reported 
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more or much more workload compared with their normal 
workload underway.  
The average PSQI Global score was 8.35 ± 3.53 (ranging 
from 3 to 18), with no significant differences amongst the 
three watch sections (Dunn method for joint ranking, all p > 
0.99). PSQI scores indicated that approximately 81% of the 
Sailors were “poor sleepers” (PSQI score > 5). The proportion 
of poor sleepers was similar in the three watch sections 
(Fisher’s Exact test, p = 0.829).  
 
Utility and acceptance of the D5/N3 Schedule 
 
Based on 17 factors associated with watch schedule utility 
and acceptance, participants rated whether the novel D5/N3 
schedule was better, the same, or worse than their previous 
schedule (Figure 2). For this analysis, we used the responses 
from 20 Sailors whose previous watchbill was not the D5/N3. 
Overall, approximately 94% of the responses noted that the 
D5/N3 was either better (53%) or the same (41%) when 
compared to their previous watch schedule. Most 
crewmembers preferred the D5/N3 because of the 
predictability of the daily schedule (18, 90%), the ability to 
plan their day (15, 75%), the availability of time to complete 
watch duties (14, 70%), the availability of time for off-watch 
duties and shipboard or departmental qualifications (12, 60%), 
and alertness/ability to focus (11, 55%). Only 6% of the 
responses were negative indicating that the D5/N3 was worse 
than their previous watchbill. Most negative responses were 





Figure 2. Utility and acceptance of the D5/N3 schedule. 
 
 
When the responses to the 17 questions were aggregated, 
the utility and acceptance differed between watch sections. 
Approximately 64% of the responses from crewmembers 
working on WS 3 were positive, i.e., the D5/N3 was better 
than their previous schedule. In contrast, crewmembers 
working on the other two watch sections provided on average 
35% to 36% positive responses regarding the D5/N3. Focusing 
on the clearly negative responses, WS 1 was the worst with 
approximately 12% negative responses. These results are 
shown in Figure 3. 
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Figure 3. Acceptance of D5/N3 by Watch Section (WS). 
 
Next, we compared responses between departments. 
Crewmembers working in the Operations department had the 
highest percentage of positive ratings (~58%), followed by the 
Combat Systems (~45%) and the Engineering department 
(~40%). Of note, none of the respondents in the Engineering 
department worked on WS 3 of the D5/N3. 
 
Figure 4. Acceptance of D5/N3 by department. 
 
Next, utility and acceptance were examined in relation to 
rank, by dividing the participants into three groups, E4 – E6, 
E7 – E9, and O1 – O4 (one E1 was omitted from this 
analysis). The E7 – E9 rank group had the highest percentage 
of positive responses (~52%), followed by Officers (~41%) 
and the E4 – E6 group (~26%). Of note, 44.4% of E7 – E9 
Sailors worked on WS 3 as compared to 22.2% in WS 2 and 
14.3% in WS 1. 
 
Figure 5. Acceptance of D5/N3 by rank group. 
 
Of note, Sailors provided recommendations regarding how 
often watch sections should rotate and when. Specifically, 
respondents proposed that the section a Sailor was working on 
should remain the same during underway and stay that way for 
at least two or three weeks. Sailors also recommended that the 




This study assessed the utility of a novel, 3-section, fixed 
5hrs-daytime/3hrs-nighttime (D5/N3) watchstanding schedule 
on the USS DETROIT (LCS-7) while the ship was underway. 
Results showed a high acceptance rate, especially in terms of 
predictability of the daily schedule, the ability to plan daily 
activities, the adequacy of time to complete watch duties, the 
availability of time for off-watch duties and shipboard or 
departmental qualifications, and in higher alertness/better 
ability to focus. 
Our analysis identified differences between watch 
sections. The most favorable section in terms of acceptance 
and sleep satisfaction was WS 3, i.e., the section with shifts 
from 1700 to 2200 and 0400 to 0700. The section with the 
least favorable results was WS 2 (1200-1700, 0100-0400). 
These findings are not unexpected given that Sailors on WS 2 
split their sleep due to their night shift (Shattuck, Matsangas, 
& Brown, 2015). We postulate that the issue of inadequate 
sleep can be ameliorated if Sailors working the night shift are 
allowed to sleep in protected sleep periods during daytime. In 
this case, an alternative distribution of duties between watch 
sections may allow for protected sleep times for those on night 




This study had a number of limitations. We only collected 
subjective data about the utility of the D5/N3 through a 
questionnaire. Future assessments should incorporate 
objective methods to assess sleep/wake patterns, other work 
duties, and cognitive performance. Subjective methods should 
be extended to include the assessment of daytime sleepiness, 
insomnia, etc. Lastly, because the study was cross-sectional, it 
was not possible to use a control group, i.e., data from 
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